It is reported that "one-foot rise affects only about 65,000 homes and about $37 billion in property value, a sea-level increase of three feet would put 300,000 Florida homes-around $156 billion in property value-at risk." (Guilford 2013) Figure 1 .2 above explains that a 4-foot rise affects at most half of a million homes, and a 6-foot rise will affect one and a half million Floridian homes. These, therefore, represent billions of US Dollard that will probably be lost. People will have to think more than twice before investing in Florida Real Estates.
Intriguingly, Florida is rated number one among the states with the largest total population living on land less than 4 feet above high tide (Strauss et al. 2012) . Therefore, most its lands are probably defenseless against the devastating effects of sea level rise, and may be wiped out of the map. Writer Jeff Goodell, with Rolling Stone magazine, says, "Miami has spent about $15 million so far constructing new pumps in the lowest lying areas of South Beach, with another $400 to $500 million expected to go into installing 50 or 60 pumps throughout Miami Beach." Apparently, the government is investing a lot of money on finding adequate and effective measures to overcome the issue of sea level rise. Let us hope that a solution can soon emerge.
However, a detailed look at the Florida littoral coasts, using the last 100 years recorded Sea-Level measurements dataset, may provide some information to the effects of sea level rise. We have selected four coastal cities in Florida, which are Pensacola, StPetersburg, Key West, and Fernandina. We will compare them with each other based on their individual reactions to sea level rise. Additionally, some models describing "sea level rise" will be executed for the city of Key West for the convenience of this study.
Any future "inferences" to Key West can also be extended to these above cities. gives an overview of the data for each city. The second objective of this project is to construct some models describing the sea level rise in the city of Key West, Florida. The data are the same as previously for the city of Key West. However, we will include the variables year, local temperature, and the local rainfall of Key West, Florida. We will index the years from 1 to 101, for the convenience of this study. Table 2 .2 below describes the yearly sea level in feet collected: The R-square Change method is a preliminary approach to determine the effect of variables on mean sea level. First, we built a relationship between "mean sea level" and "year", and then we check whether the additions of extra variables would provide better explanation of the data. The "R-Square Change" in Table 2 .4 provides the relationships with mean sea level:
1) The baseline relationship, "Year" has a R 2 change of 0.873, with a p-value < 0.001.
2) The addition of "Temperature" provides a R 2 change with p-value= 0.009
3) The addition of "Rainfall" provides a R 2 change with a p-value < 0.001.
The first two "R 2 change" are statistically significant, but only the second model provides information about the prediction of the sea level rise. Adding rainfall in the presence of year and temperature does not provide any additional information.
R-Square Change: Maximum Sea level The "R-Square Change", from the above table is evaluated to verify if adding more independent variables to the equation will improve the model. 1) "Year" provides a R 2 change of 0.701 with a p-value < 0.001.
2) The addition of "Temperature" provides a R 2 change of 0.023, with a p-value= 0.006
At alpha 0.05, the "R 2 change" model 2 is statistically significant, and provides a better estimate of the sample.
In this research, we will construct models based on both the "mean" sea level and the "maximum" sea level against the independent variables: time in year, average temperature and average rainfall. However, let us compare the cities to each other in order to see how they differ in mean sea levels. We have t=4 samples or cities taken independently from each other. The sample within a city is independent from the others, and vice versa. We have the following hypothesis:
Sea Level 0 : µ 1 = µ 2 = µ 3 = µ 4 = 0 (no difference between the city means)
1 : µ ≠0 for at least one i (a difference exists) The Levene Statistic in Table 3 .1 is 1.972 with four cities (Degree of freedom: 4-1=3) and 339 measurements (Degree of freedom: 343-4 cities = 339). We have the p-value of 0.118, which supports the existence of Homogeneity of Variance. We have no strong evidence that the variances are different from each other. The data can be analyzed using ANOVA.
Using SPSS, we obtain the following ANOVA From the ANOVA Table 3 .2, there is a p-value < 0.001. This implies that we must reject the null hypothesis (3.1) at 0.05 or smaller significance levels. Therefore, we may conclude the mean sea levels of the four cities are different. However, we may want to know which pairs of means are different. Several methods exist to make pairwise comparisons, but we will use the Scheffé's multiple comparisons.
Scheffé's Method of Multiple Comparisons
We use the Scheffé method to do pair wise comparisons between the four cities to determine where the differences exist. From the above Table 3 .3 we may conclude that all possible pairs are significantly different from each other. It appears that Fernandina has higher mean sea level measurements than the other cities with a significance level < 0.001.
The next table is a summary of the Scheffé method explained above. It shows that no same cites share the same mean sea level in feet. Unfortunately, these cities were randomly selected at different locations. Based on the given dataset, we cannot conclude whether or not that Fernandina is or will be affected by higher sea level rise than the others. However, this study can only conclude these cities differed completely in mean sea levels.
CHAPTER IV Fitting Linear Regression Models in Key West, FL
In this chapter, we want to fit two different kinds of regression models using average and maximum sea levels. We want to see the effect of three independent variables (Year, Temperature and Rainfall) on the sea level rise for the past 100 years.
All these variables are locally taken in the city of Key West, FL. We will use SPSS to analyze the data. We assume the following linear regression model,
where Y = Sea Level; Χ 1 ="Year" є [1, 100); Χ 2 ="Temperature"; Χ 3 ="Rainfall"; and β 0 , β 1 ,β 2 , β 3 are called the parameters of the model and need to be estimated from data.
Here we assume that the errors (ε) have a normal distribution with mean 0 and constant variance σ 2 .
The determination of β 0 , β 1 ,β 2 , β 3 will allow the establishment a multiple linear relationship of the "sea level" with the other variables. Equation (4-1) can be expressed as (given n=100 observations, X ij the observed values with 0≤j≤ 3 regressors, Y i and the response variables "sea level") in the matrix form:
With Y=�
The least squared estimator of β is obtained as:
That gives ̂′ = �β � 0 β � 1 β � 2 β � 3 �P ' We will now fit two models one with dependent variable "average sea level" and another with "maximum sea level". The independent variables will be the "index year", "temperature", and "rainfall".
Fitting Linear Regression Model using Average Sea Level:
Before fitting the model, we want to see whether a significant relationship exists between the dependent variable "sea level" and the independent variables mentioned above. If a relationship exists, it means the above regression model is significant, and we may go ahead and determine the coefficients of the model.
Mean Sea Level: Does Average Sea Level increase over time?
Mean Sea Level
(model is not significant) 1 : ≠0 for at least one i (model is significant) The final fitted model is -Effect of outliers on regression may be checked by dropping these points and refitting the regression equation.
-t-, F-statistics, R 2 and residual mean square may be very sensitive to the outliers.
-Situation in which a relatively small percentage of the data has a significant impact on the model may not be acceptable to the user of the regression equation. In this regard, the mean sea level casewise diagnostics is presented in Table 4 .3. As previously mentioned, we will check whether a significant relationship exists between the dependent variable "sea level" and the independent variables mentioned above. If a relationship exists, it means the above regression model is also significant for the maximum sea level, and we may go ahead and determine the coefficients of the model.
Sea Level: Does Maximum Sea Level increase over time? Table 4 .4 above is to check for the existence of a linear trend model. Because the P-value is less than the significance level 0.05 above, we may assume a linear model exists.
Model 2 is the best model so far. The final fitted model is Models and the effect of Time
The variable "year", has no real effects on the other variables in this study, but its presence gives a sense of direction in order to make decisions on the behavior of the data.
This behavior can be increasing, decreasing, or constant. Future predictions of the sea level rise are depending on the years. The variables, sea level, temperature, and rainfall can all "linearly" interact with "time" or year.
Sea level Regression Models:
Key West:
The following figure summarized the yearly sea level collected in the city of Key West: This is a visual representation of we discussed above. 
Year_Index
When rounded to three decimal places, the coefficient of x is 0.008. So for every unit increase in year, a 0.008 unit increase in mean sea temperature is predicted. However, only 6.1% of the temperature data is explained by equation (5.6).
Rainfall Regression models:
A scatter plot shows the relationship between Rainfall and time is as follow: The ANOVA Table 6 .1a shows that, at a 0.05 level of significance, the regression equation (5-2) is significant. At that same level of significance, we may not drop any of its coefficients from Table 6 .1b. Thus, using equation (5.6), we have predicted temperatures for the years between 2015 and 2106 and presented them in the third column of Table 6 .1. The last two columns of Table 6 .1 gave the predicted mean and maximum Sea levels for Key West. Overall, the sample sizes of the data collected for Key West, Pensacola, StPetersburg, and Fernandina were reasonable to make inferences. We had few missing values, but they were no greater than 15% of the data. We had outliers, but they did not affect the models
The average sea level in Key West, Pensacola, St-Petersburg, and Fernandina differ considerably from each other. Pensacola has the lowest sea level. Two different approaches were used to the determination of a model describing the sea level rise in Key West against the independent variables, year, temperature, and rainfall. We considered the "average" sea level and the "maximum" sea level, which produced two-linear regressions with independent variables year and temperature. We have made attempt to fit regression models for sea level rise data in Key West. However, following similar procedures that described in Chapter 4, one can fit regression models for sea level in Pensacola, St-Petersburg, and Fernandina.
This study was focused on finding linear relationships between variables, and the comparisons between some selected cities. The conclusions about the future sea levels are restricted to the data sets considered and models developed in this thesis.
To make any definite statement, one might need more data and need to fit different kind of models. Some possible models we might consider in the future would be time series exponential regression models. 
